Research Paper MRKE

WA %4 Acta Microbiologica Sinica
54(12) :1471 - 1480; 4 December 2014
ISSN 0001 -6209; CN 11 -1995/Q
http: //journals. im. ac. ¢n/actamicrocn

doi: 10. 13343 /j. cnki. wsxb. 2014. 12. 010

FE-RERAFRBIHMEMMRB BT BEERENEY
B OSSR E
FHIHE R R, AT B EYL

U E VR KRS R Y 5 TR, LR TR 266100
I SR Tl K S T R B TR AR B, S EYE WA JKTE 150090
CHEWE RSN S ESHET W EALRE, LA HF 266100

WE: (HMY BBV - RAR A V508 3 S A 2 Bk (Microbial fuel cell, MFC) 7 Wi B BL K
MFC 3 B s AR DL KR Y LRSI A S » I AN AORT 15 F% I A 1 23 7 2R 00 2 HOR g i o
= MFC )3 3y ik B o O E P RE V% 1) 2 M 25 i S & 7 e ik K85 IR Y &5 AR W], MFC 285 3 AN J4 W1 )5 3 e 2 »
T o L PR 230 mVe 24 MFC AR HLFH Y 1656 Q I, e KR % FE 11,15 W/m’, B iz 47 e » a5 e
Ja 2 MFC LU » BH AR A= 40 JE 26 2 A 25 ) TR b il 22 S 3K HL 2 R Ik B Ak o AR 0 I v 1l A2 ) S A 4 = 3
IR A B2E I 49 (Betaproteobacteria) 24. 90% « 8L 4 1 ] ( Bacteroidetes) 21. 30% « J& BE 14 ['] ( Firmicutes)
9.70% y-2% # % 49 ( Gammaproteobacteria) 8.50% - 838 & 44 ( Deltaproteobacteria) 7.90% - &t 25 1 |]
(Chloroflexi) 4. 20% VA F o-4% H % 49X ( Alphaproteobacteria) 3. 60% . 45 F| T 4E ) I 6 B 5 %& 52 10 3h IR 31 8
(Zoogloea) FIAZ) KT 14 & (Acinetobacter) J¥ 51 7= J& 43 ) v 7= Wy L HE ¥ 11 5. 00% 11 3.90% » 15 MFC 7= Hi
A K ) HAT B 8 (Geobacter) J7 5 IR A V5 Y6 H 1 0. 60% b TF 2 FHA ALY (1) 2. 60%.  L45i8  AHF
FLAR W] MFC 8% A= 49 J A 9 Al 3o A5 v 56 g 0 v 1R 26 40 6 AT Vi IR e 5 B 2 WL T 1 T A7 R T~ AR ) I
T R B8 A WL DR A8 T8 15 77 v TR B A 40 e

SRSRAR A AR L TR v g s AR PR R R FL K e I R R

& 4 £ S :Q938, X703 X E /S :0001-6209 (2014) 12147140

T A R L (Microbial fuel cells, MFCs) WL T 4G 8 B B B b 2 b e % e A T
TRl LR O AR AR R & R HL MFC B A RS A R i IR R R T RO 4
PIep i A 2 R G AL O L RE I RS B . A MFC fr, ORI FR R V5 Y S50 AR A O e
WOEME ARG I, B S AR T B SR RS A EE TR AR
AT T B AL S B A AL, B B MR EAESRMIBT A

EE&TE L AA T b EER A FKEHIF A 5 4 (BS2011NJ018) ; [ 5% 1 S8 Bl 2% 5 4 (40801193) 5 +p [/ g 1 K % A R AEWF 50 Kk & i1 &1
(1312011006)

CEEMES . Tel: +86-532-66786568; E-mail: ygzhao@ ouc. edu. cn

TEZ B (1990 =) 5 22, ARG UT A B 50 A2 5 5 2 A ) /K b 3 B8 R AL AT 9L o E-mail: 504225199@ qq. com

W #s B 47 :2014 0347 ; {£ B B #]:2014-0613



1472

Yalin Yin et al. /Acta Microbiologica Sinica (2014) 54 (12)

MFC ) J8 3l 52 MFC 32 47 J80 80 5 8 i 15
Je B 2R R P 6 MFC 5 3h 38 5 F0 7= sk SR AT B
YW o Lobato %5 ™ B2 WY, LUK 4 ¥5 U8 O i
Je ) MFC 5 2 b 47 5075 P K240 P 10 d, HLj™
R UE T UF S5 U e Quan A5 Y] ST HE TS IR
MR A5 U6 3 3 003 3 A W 980k F s R L DR R
Vol 5 B MFC fiz s LIS O 0.38 'V, 4 5075 Ve
JA BN MFC HL 0,25 Vi8R0, 24 BL £ BE 4 ik
Y B 8075 U8 B By F 0 P B IR ARG e ) D R
B AR RS T R R SkR By
S R TT U8 T S AF AR R T K PR AR AL B R Y
TR ) Tl R S S K Y v Yl VR A S R Bl IR R
A% (B MFC) , 50 n) A BUAG B0 4F I 28 R - MFC
ik B 92 B & AE B AR & 4R A HL A R AR R R AR O
PR R R S BH B AR A e T R 2R AN Al
J /e MFC 24 g 1 5L Al , 24 7 $2  MFC 1) 7™ HL 2%
RE > VR A 20 At WL AR AR 0 1 RE VR R AL RS 4 R A
) A SF AL B A B SR 3

Ap Pk B %k K L YK (Denaturing gradient gel
electrophoresis, DGGE) 1 i il & W & % A (High-
throughput sequencing, HTS) J2& iIf £ 3k & J& #2 5k 1
AR T 5 IR AR o T A A BOR AE RO
V5 G PR B AR ) B VR AR RN 5 R B R T B )
1y B2 figp 2% o R B AR B AR o DGGE 5%
ARAE A 75 & Bl A B b B AR ) RE VR S R b )Tz
I HT> EAHT T 7K AR AR B~ 8 B 3 Al
SIS DL RN T (RN A ) & 2
WP A e A7 . 4% DGGE 4 4
L5 BN A% D e 4h 4 e S HE A 4B R AR W AE R 4
o Th e s, Lt B Il RS is AT, HA IR
I i1 % T 5 o 2005 4F, B R A R H
Cii AN I AV TR T A o O = P i R i
Illumina. Roche+ ABI 2§ /% &) 4% Jo #E W 5 —4C & @
R MR, e T R R R A A R
AESUEAE TR KR .

AT LBF S - IR TR & V5 e A A e DA EL
B2 A BB UR, TR L MFC MY 2% 19 7 L 3K
fit, [7 i, F ) PCR-DGGE Al iy 3 & W 7> B2 R X
MFC BH B 25 4 155 Tl 26 ) e v &5 ey M 241 e 3t AT it
s BAIE 78 MEFC S 7= i Bl 24 4 1) 3% #% 45 1 BL &%
MEC 7™ HL ) 5 4= 90 B 9% 5 AE -

1 MRRT A

L1 #rs
1L1.1 SRWRE:AUIOR M P =S INMEY
TRORE L » 24K AT WL B A B 1F 5 MR A5 AT 8K
ZBL28 mLo AR b B R B 4% #% 6 Cheng 2217 ff)
JivE IR AT o IE R 7 HLRE OGRS 4 HUBH 1000 Q0
PR 22 45 hy i e 3 e » 3 42 0 F PR 56000 I 2% S B 7K o
S G E AR 20 - 25C 5 N A s isT .
1.1.2 e4RsmeA R ™ - F %= (L) :0.31 g NH,CI,
0.13 g KCI,2 mL #4575 25,100 mL % 5 22 /b i »
0.2 mL 24 ZH 0. 2 mL 2 FE R ¥ ¥, 500 mg F,
iz (COD) o [IME 21 x B R £k 22 vl -
1.1.3  #f: MFC B e by 4F 5075 U AR 5005 e 4%
JECL: 1 (V) [ B TR B i 3L PRATS Ve B B A
S0 B8 1B AT I R AT U B N 38 (ABR) S I 575
P B 5 2RI 5 K AR BE TR G SRR
114 FZER{F AL L8 DNA 2 HOK A &
(Mobio, CA USA), Ex Tag DNA % & W ANTP.
pMDI19-T % f4 . PCR 7= 9 [m] i ik 77 & (TaKaRa, K
) L $dn K 4K (PISO-813, & ¥ vl 4% FH ) 5 o vk
24 Power Pac1000.CFX96 PCR X . =45 £ & 4¢
(DGGE) (BioRad, £ [H) , LK2005B Hi 1k 2% T 1 3k
2 RME =T RED o
1.2 MFC®IEB#5EIT

W HY VR A v BT R R ROV AR T N B R
B DU B AL EE I, 45 48 h H K 1 WK, HA N 4
H R i R ST o 0 IO AT e S IR AR TS R S TR
BV e~ SN A 58 B B 1R B AR AR W I BN 2 3 B
Je AE AT REUE (10 BH AR 2 0 B e N 88 5 I 1K) R T
oAb 2R 5 H T 49 4 HL B W %28 - PCR-DGGE 43 i 1 &
T 16S rDNA [ A= P 0 v 3 500 5 23 A o
1.3 Wi
1.3.1 ®ENERSH: bk (0) g HdE R
RRUATAE R 25 W b i f Rt (1) T BR 2 e At
I =U/R. WWREL j=1/V,V )y Hs WV A3 44
Bl WDl P = U /R, NREE g=P/V,
1.3.2 KRRy sl 5 IR se g /e i 2 L
PEul EHEAT o BT SR A = kR &, LI MFC
BH B AR S CAE R H ok F A R 2 A B8 r iR
AR FAR o PR A R L A R AT .



TG IR GF A — IRAIR V5 U8 E S AR P ) R E P B e e ) 4R (2014) 54 (12) 1473

1.4 EMBEESH

A8t Y R, 41 4t PR ) 7 F AR D) B R R 3R T
AP REAT W . ¥ MFC BHAR DI — /N e, Al H %
B h 2 S UE 2 WG, 2. 5% 1 R e, T
RNl -

K 13 DNA $ 0K 0 & 52 304 W IRl A
sk DNA . S0F - Gl 26 ) BE V& 19 45 8 23 B> BLEL DNA
BB R4 SCik (12 % 7592, R H 40 B 16S rDNA
1B H 5149 BA101F/BA534R, #47 PCR ¥ #% & PCR
W) DGGE 23 #r. 4 DGGE & rf 4% A7 1] e I il
Jy (ZE9E 79 50 4 07 I 56 1) » 2 7 R F RDP $0 403
(http: //rdp. cme. msu. edu/) 9 ] SeqMatch F£ J¥ it
1353 JEF BN DL AL B 47 515 BA Mega 4.0 4
HEEZLAEM WFREGHETCLRBLTE
GenBank, % ¢ 5 5 KJ730213-KJ730234,

X5 TR RE T B AL A R 2E T Tllumina
23 7] Miseq ~F- 65 1) & 30 i 90 5 52 R BEAT (Z 9T L 5
WiRBUE S - 2% SCEk [14] 189 J7 2%, PCR 1
N 4l % 16S tDNA V4 X AR 57 514 515/8061. |
5 P 0 T 4 D 0 Gk S5 5 LLAR AL 97 % 4 b
RAFHEAE 4 2 %50 (OTU) , OTU 5@ i RDP %44 /7
(http: //rdp. eme. msu. edu/) 1 ff] Classifer f f¢ it
ATRE R o028, 4 SCik (141 19 75 75 53 Bt ik A 0 1k 9 1)
Shannon 2 F 1 45 20 B S 41 A0 A2 B2, X HE %
M) 28 5 EAT T2 153 93 # o

2 SRMTR

2.1 RESREB3 MFC RFmBME

PLIF 2 — IRV & 75 Ve 8 Fhie s SLIR 0 R4 )5
FE AP MFC [ N 245, & 48 h 54— I FH
WSV UL 4 RF TC2E 0 08 ORE HL b 1 32 4T, MFC i Y
F R B IS TR) (R A5 AL W 8] 1. MFC JE 3 )5 HL s 2218 |
FLTE SIS AT 2 A, MFC (1) 8 H ol R B+
114 mV 7258 3 NI, R iy i 5y iA 3 230
mV, X IEAT 5 A JYW b i s e W R Bk g, KW
MFC J& 3l i 5 -

M o % 4 oA Ah B (3600 Q L4 Q) 3k
3 MFC [ 2h 2 % 2k (B 2-A) o BlAE M
A N N T S AR 0 [ N ) N 3 LT i o
29.14 A/m’ I, MFC [{)Zh &2 B % 8.56 W/m’; I
Je Bt A PR R 8 T T $ 40. 12 A/m’, D) R

KH] 10,32 W/m'; 2l % F h 49.02 A/m’, MFC
1) Th 2 85 B ik 3 55 K AH 11,15 W/m®, Bk I X 3 4p
HIBH O 1656 Qo B 2B & A W) ROk} v it J5 3 Bk
LLJG, EHI R 5 mV /s, (-0.4) = (+0.3)V
BN I W/ 2 N o N TR 7 N N1 > R s E N S
A1, % MFC [R5 AR 22 il 2 A W 1 40 A0 e i
e, 2 BA A 2E 0 R ORE FRL b 7 AN 5 3R AR 22 R i
T v 35 DLPE s 30 P8 R AT A8 CH, LT 0 M R Bk

250}
& g
200} F B =
: ch ()
o
s} Q1
Z 150} i C\.L i
3 o 17 03 41
3 100} &% 7 71
& | '
g ’-’% ﬂ‘\? v1og
? I‘f & 9 o o
501 L £ L 4 & é b %
O BRVEAC A
O_
0 50 100 150 200 250

t/'h

1. MFC F3 . iE{TRI R E AT
Figure 1. Electricity production of MFC incubated with

mixed sludge.
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Figure 2. Power density curve (A) and cyclic voltammogram

scanning (B) of MFC at steady state.
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Figure 3. DGGE profiles of bacterial communities (A) and cluster analysis for DGGE profiles (B) . Osl, aerobic activated sludge; Asl, anaerobic

sludge; Yel, mixture of aerobic and anaerobic sludges;Yc2, anodic biofilm of the started—up MFC; Yc3, anodic biofilm of steady—+unning MFC;

Yc4, planktobacteria in anodic chamber of steadysunning MFC. The marks beside the bands of panel A indicate the bands are following

sequenced ; the scale on the right of panel B is the divergence distance (%) .
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Figure 4. Phylogenetic tree based on bacterial 16S rRNA gene sequences from DGGE profiles with the closest matches and representative sequences of

the GenBank database. The tree was generated using the neighbor5oining method with 1000 bootstrap replicates. The numbers on the branches are

their bootstrap values, bootstrap values lower than 50% are not shown. The scale under the picture is the divergence distance (2% ) .
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Figure 5. Shannon diverse index (A) and principle component
analysis for the bacterial populations (B) based the bacterial
community 16S rDNA sequences. Osl, aerobic activated
sludge; Asl, anaerobic sludge; Ycl, mixture of aerobic and

anaerobic sludges; Yc3, anodic biofilm of steady—unning MFC.
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Figure 6. Composition and relative abundance of bacterial
communities based 16S rDNA sequences. Osl, aerobic activated
sludge; Asl, anaerobic sludge; Yecl, mixture of aerobic and

anaerobic sludges; Yc3, anodic biofilm of steady—running MFC.

5 g oK T 2 (R B) A% 3 v 15 M 1 8 i 2B i
B MGG M 5 MEC [ > i 1k B B B3 18 A ¢
PERT o WL ACHE ST 5 LA ) R R AR
H AT VR F S 3 A AN A

3LIE 4 B AN h L e B &, W1 Desulfobulbus
Desulfomicrobium 1 Desulfovibrio, = 3% Jy R4 41 T
(1B R 6 3 I Bk 2 0 » e 8 A8 S A A ML 2 oo
fink R %6 38 i ok AL ) > AT L TR R AT MIFC T 0% A= 40 5
R I R . R R I, BT 1 4
R B (Zoogloea) 71 5 IR K (19 0. 40% |-
THE 5. 0%, WE R W 0 s AL B W IRE 15 4 B
o A AR X RME Y K B AFAE R YR
T R R B o R I L A R IR y-
AR T AT B AN B A B AT 1% 8 (Acinetobacter) , 2= & i
0.20% T+ % 3.90% , 'E AT K B A7 AL H) T AE Y IR
[0 T8 1 ARS8 B2 2% AR R A 0 I G AR B TR 1%
ff 5 #e 14T 1 7

BV MFC A= 4 JI5 AE 9 Ak o 1 o 0 35 ¥ o 1 3k
TR AT WK AN L I ZYIAE B B T A AT MFC
LW TE B RS E A LA DR S B S L
Y AE



1478 Yalin Yin et al. /Acta Microbiologica Sinica (2014) 54 (12)
1. TRAMENHE (BXKE) EMFC BHFEFEEMNTL (%)
Table 1. Changes in abundance of the bacterial genera before and after MFC starting up
No. affiliation genus seed sludge biofilm
1 Bacteroidetes Parabacteroides 0. 00 0.70
2 Bacteroidetes Flavobacterium 0.10 0.30
3 Bacteroidetes Gelidibacter 0.00 0.50
4 Firmicutes Clostridium 0.20 1.30
5 Firmicutes Fusibacter 0. 00 0.50
6 Firmicutes Anaeromusa 0. 00 3.30
7 Nitrospirae Nitrospira 14. 60 1. 60
8 Betaproteobacteria Thiobacillus 0.10 1.40
9 Betaproteobacteria Dechloromonas 1.70 1.30
10 Betaproteobacteria Thauera 0.30 1.20
11 Betaproteobacteria Zoogloea 0. 40 5.20
12 Deltaproteobacteria Bdellovibrio 0. 60 0.10
13 Deltaproteobacteria Desulfobulbus 0.10 1.50
14 Deltaproteobacteria Desulfomicrobium 0.10 0. 40
15 Deltaproteobacteria Desulfovibrio 0.00 0. 40
16 Deltaproteobacteria Geobacter 0. 60 2. 60
17 Deltaproteobacteria Anaeromyxobacter 0.30 0. 00
18 Gammaproteobacteria Halothiobacillus 0. 00 0.80
19 Gammaproteobacteria Acinetobacter 0.20 3.90
20 Gammaproteobacteria Dokdonella 0.40 0.10
21 Spirochaetes Sphaerochaeta 0. 00 0.90
22 Spirochaetes Treponema 0.20 0.30
23 Thermi Deinococcus 0.10 1.30
J, Freguia S, Aelterman P, Verstraete W, Rabaey K.
3 glﬂ:]: _E//lf\; Microbial fuel cells: methodology and technology.
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Electricity generation and dynamics characteristics of
microbial community of microbial fuel cells started up
with mixture of aerobic/anaerobic sludge
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Abstract: [Objective] To explore electricity generation and dynamic characteristics of microbial community of microbial
fuel cells (MFC) started-up with mixed sludge of aerobic/anaerobic sludge. [Methods] single-chamber MFCs were
constructed and characteristics of microbial community composition and structure were investigated by culture-independent
microbial molecular techniques. [Results] MFC started up successfully after three cycles’ operation, and the maximum
output voltage was up to 230 mV. The maximum power density reached 11.15 W/m’at the outer resistance of 1656 ().
The structure of microbial community on the anodic biofilm was different from that of seed sludge and microbial diversity
reduced. The dominant microbial groups on anodic biofilm were Betaproteobacteria (24.90% ), Bacteroidetes
(21.30% ), Firmicutes (9.70% ), Gammaproteobacteria (8.50% ), Deltaproteobacteria (7.90% ), Chloroflexi
(4.20% ) and Alphaproteobacteria (3.60% ). The biofilmforming microbial genera Zoogloea and Acinetobacter
accounted for 5.00% and 3.90% of total community. The abundance of electricity-producing bacteria Geobacter spp.
increased from 0. 60% in mixed sludge to 2. 60% on the biofilm. [Conclusion] Dominant microbial populations in mixed
sludge were selected by long-term acclimation and finally a beneficial microbial group was built on the anodic biofilm. The
populations group was helpful to form a functional and active biofilm, which consequently benefited to produce electricity
under anaerobic condition by fermenting organic matter.

Keywords: microbial fuel cell, mixed sludge, denaturing gradient gel electrophoresis, high throughput sequencing,
microbial community
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